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ABSTRACT
From previous ground-based observations, the hot Jupiter exoplanet XO-6b was reported to exhibit
apparently periodic transit timing variations (TTVs), with a semi-amplitude of 14 minutes and a
period of about 450 days. These variations were interpreted as being due to a resonant perturbation
between XO-6b and a hitherto unknown low-mass planet orbiting the same star. To understand this
enigmatic planetary system better, we analysed three sectors of data, spanning over seven months, from
the Transiting Exoplanet Survey Satellite (TESS), which produces high-quality light curves that are
well suited to characterizing exoplanets and searching for TTVs. Here we present an updated orbital
period of 3.7649893±0.0000037 days and a transit epoch of 2456652.7157±0.0022 BJDTDB . The
planetary parameters we report, while consistent with their discovery values, have greatly improved
precision. Notably, we find no evidence for TTVs: we can rule out TTVs & 2.5 minutes at the 3σ level.
Therefore, the TESS data have sufficient precision and time baseline to reveal readily the previously
reported TTVs of approximately 10 minutes. Our findings highlight TESS’s capabilities for robust
follow-up, and confirm that TTVs are rarely seen in hot Jupiters, unlike is the case with small planets.
Keywords: planets and satellites: dynamical evolution and stability — planets and satellites: gaseous
planets — planetstar interactions — planets and satellites: individual (XO-6b) — methods:
observational — techniques: photometric
1. INTRODUCTION
Gravitational interactions between bodies in a plane-
tary system can cause a transiting exoplanet’s time of
transit to vary. Analysis of such transit timing varia-
tions (TTVs) can reveal important dynamical insights
into a planetary system. About 130 small planets were
found to exhibit TTVs from Kepler data (Mazeh et al.
2013). However, TTVs have only been observed in a
handful of hot Jupiters. For example, a variation in
the transit time and impact parameter of Kepler-13Ab
has revealed evidence for spin-orbit precession caused
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by its host star’s rapidly rotating quadrupole moment
(e.g., Masuda 2015; Herman et al. 2018; Szabo´ et al.
2020), allowing the stellar surface to be mapped (Szabo´
et al. 2014). Becker et al. (2015) found that WASP-47b
exhibits sinusoidal TTVs caused by two smaller short-
period planets in the same system. WASP-12b also ex-
hibits TTVs, presumably resulting from orbital decay or
apsidal precession (Maciejewski et al. 2016; Patra et al.
2017; Maciejewski et al. 2018); recently Yee et al. (2020)
offered new evidence that favors tidally-induced orbital
decay as the explanation.
The Transiting Exoplanet Survey Satellite (TESS)
(Ricker et al. 2014) produces high-quality data that are
well suited to searching for TTVs (e.g. Hadden et al.
2019; Pearson 2019). Using TESS data, Bouma et al.
(2019) found that the transits of WASP-4b occurred
about 82 seconds earlier than expected, and determined
that its 1.3-day orbital period is decreasing at a rate
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of about −12.6 ± 1.2 ms per year. Southworth et al.
(2019) confirmed the presence of TTVs, but revised the
orbital period decay rate to −9.2 ± 1.1 ms per year.
More recently, a homogeneous analysis of 124 transits
of WASP-4b, observed with several different telescopes,
found that its rate of change in orbital period is about
half that found in previous studies (Baluev et al. 2019,
2020). Finally, Bouma et al. (2020) found that its or-
bital period changes by -8.64 ms per year. While it has
been suggested that these TTVs may arise from orbital
decay or apsidal precession (Southworth et al. 2019), re-
cent findings indicate that they are due to the system
accelerating towards the Sun at a rate of -0.0422 ms−1
day−1 (Bouma et al. 2020).
Here we focus on the hot Jupiter XO-6b, with a mass
and radius of 1.9 RJup and 2.07 MJup, respectively. It
orbits a fast-rotating (vsini = 48 kms−1), bright (V =
10.25 mag), hot (Teff = 6720 K) star and has an orbital
period of 3.8 days (Crouzet et al. 2017). To characterize
XO-6b better, Garai et al. (2020) observed its transits
with telescopes at the Astronomical Institute of the Slo-
vak Academy of Sciences and downloaded transit light
curves from the Exoplanet Transit Database (ETD)1
(Poddany´ et al. 2010). From these data, they reported
that it exhibited intriguing periodic TTVs with a semi-
amplitude of 14 minutes and period of about 450 days.
By fitting these transit timing variations with the pub-
licly available TTV analysis package, OCFit2 (Gajdosˇ &
Parimucha 2019), they determined the two most plausi-
ble explanations to be 1) light-time effects (LiTE) due
to a third unknown stellar-mass object in the XO-6 sys-
tem, or 2) resonant perturbations between XO-6b and
an unknown low-mass planet in the system. However,
they found no evidence for a stellar mass object in radial
velocity (RV) follow-up, and simultaneous fits to their
transit timing and RV measurements did not yield a
consistent solution; so they favor the second interpreta-
tion. If the latter interpretation were correct, the XO-6b
system would resemble the recently discovered TOI-216
system which contains a pair of warm, large exoplanets
that exhibit planet-planet interactions (Dawson et al.
2019; Dawson 2020).
Motivated by the intriguing TTVs of XO-6b reported
by Garai et al. (2020), we investigated this system fur-
ther by analysing its TESS light curves. Our paper is
structured as follows. Section 2 describes our data re-
duction method. Section 3 shows our analysis and Sec-
1 http://var2.astro.cz/ETD/
2 https://github.com/pavolgaj/OCFit
tion 4 presents and discusses our results. Finally, Section
5 offers our conclusions.
2. OBSERVATIONS
XO-6b was observed by TESS in Sector 19 (Novem-
ber 27, 2019 to December 24, 2019), Sector 20 (De-
cember 24, 2019 to January 21, 2020) and Sector 26
(June 8, 2020 to July 4, 2020). These observations were
processed by the Science Processing Operations Center
(SPOC) pipeline, which produces light curves corrected
for systematics and searches for transiting planets (Jenk-
ins et al. 2016). All of the data products produced by
SPOC are publicly available from the Mikulski Archive
for Space Telescopes (MAST)3. We downloaded all of
the data products for XO-6b, including the light curve
(LC) files, data validation timeseries (DVT) files, and
target pixel files (TPFs). The Presearch Data Condi-
tioning (PDC) component of the SPOC pipeline cor-
rects the light curves for pointing or focus related in-
strumental signatures, discontinuities resulting from ra-
diation events in the CCD detectors, outliers, and flux
contamination (Jenkins et al. 2016). The light curve
resulting from the PDC corrections is recorded as the
PDCSAP FLUX, and was one of the data products con-
sidered in our analysis. The PDCSAP FLUX is further
processed by using a running median filter to remove
any long-period systematics before the SPOC pipeline
searches for transits4. The length of the running me-
dian filter that was used is recorded in the file headers
and in the case of the XO-6b data was 14.8, 15.2, and
15.0 hours in Sectors 19, 20 and 26, respectively. These
light curves are recorded in the DVT file as LC INIT
and were also considered in our analysis.
For comparison, we also considered light curves that
we produced from the TPFs using aperture photome-
try. To do this, we followed the documentation5 accom-
panying the exoplanet package (Foreman-Mackey et al.
2020). We selected the optimal aperture that minimized
the windowed scatter and detrended the resulting light
curve with the pixel-level deconvolution (PLD) method
used by the Everest package (Luger et al. 2016).
Of the three light curve detrendings that we consid-
ered, the DVT light curve had the least scatter, with a
standard deviation on the out-of-transit baseline of 1.08
ppt, which was 3% and 13% lower than that of our light
curves from the TPFs and the PDCSAP FLUX, respec-
tively. Therefore, we focused on the DVT light curves in
3 https://archive.stsci.edu/
4 https://exoplanetarchive.ipac.caltech.edu/docs/
DVSummaryPageCompanion.html
5 https://exoplanet.readthedocs.io/en/v0.1.6/tutorials/tess/
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our analysis. Nonetheless, we also analysed the transit
timings of the other light curves and found them to be
practically identical to what was derived from the DVT
light curves (see Appendix A; Fig. 4). The raw light
curve produced by the SPOC and detrended DVT light
curve used in this analysis are shown in Figure 1.
3. DATA ANALYSIS
To find the best-fit to the TESS transits we use
the EXOplanet MOdeling Package (EXOMOP; Pearson
et al. 2014; Turner et al. 2016, 2017)6, which gen-
erates a model transit using the analytic equations
of Mandel & Agol (2002). EXOMOP uses a Differen-
tial Evolution Markov Chain Monte Carlo (DE-MCMC;
Braak 2006; Eastman et al. 2013) analysis to model the
data and incorporates three different red noise methods
(time-averaging, Pont et al. 2006; residual permutation,
Southworth 2008; wavelet, Carter & Winn 2009) to as-
sess and account for red noise in the light curve. A
thorough description of EXOMOP can be found in Pear-
son et al. (2014) and Turner et al. (2016).
We model each transit event in the TESS data (lower
panel of Figure 1) independently. Each transit is mod-
eled with 20 chains and 206 links for the DE-MCMC
model and we use the Gelman-Rubin statistic (Gelman
& Rubin 1992) to ensure chain convergence (Ford 2006).
For each transit, the mid-transit time (Tc), planet-to-
star radius (Rp/R∗), scaled semi-major axis (a/R∗), and
inclination (i) are set as free parameters. The eccentric-
ity, argument of periastron, period (Porb), and linear and
quadratic limb darkening coefficients are fixed during
the analysis. The linear and quadratic limb darkening
coefficients are taken from Claret (2017) and are equal
to 0.3158 and 0.2206, respectively. The light curve pa-
rameters derived for each individual transit can be found
in Table 2 and the individual modeled light curves can
be found in Figures 5 –7 in Appendix B. All parameters
for each transit event are consistent within 1σ of every
other transit.
To obtain the final fitted parameters, the light curve of
XO-6b was phase-folded at each individual derived mid-
transit time and modeled with EXOMOP. The phase-folded
light curve and model fit can be found in Figure 2. We
use the light curve model results combined with litera-
ture values to calculate the planetary radius (Rb), mass
(Mb; Winn 2010), density (ρb), surface gravity (log gb;
Southworth et al. 2007), equilibrium temperature (Teq),
Safronov number (Θ; Safronov 1972; Southworth 2010),
orbital distance (a), inclination, and stellar density (ρ∗a;
6 EXOMOPv7.0; https://github.com/astrojake/EXOMOP
Table 1. Physical properties of XO-6b derived from the
light curve modeling of the TESS data
Parameter units value 1 σ uncertainty
Rp/R∗ 0.11494 0.00029
a/R∗ 8.383 0.074
Inclination ◦ 85.235 0.087
Duration mins 179.94 0.11
b 0.696 0.014
Rb RJup 2.08 0.18
Mb MJup 2.01 0.71
ρb g cm
−3 0.28 0.12
log gb cgs 3.31 0.19
ρ∗a g cm−3 0.786 0.09642
Teq K 1641 24
Θ 0.093 0.035
a au 0.0725 0.0063
Period day 3.7649893 0.0000037
Tc(0) BJDTDB 2456652.7157 0.0022
Seager & Malle´n-Ornelas 2003). The period (Porb) and
transit ephemeris (TC [0]) are derived using the mid-
transit times from each TESS transit event (Table 2).
Our derived planet properties and transit ephemeris for
XO-6b are shown in Table 1. All the planetary parame-
ters are consistent with their discovery values (Crouzet
et al. 2017) but their precision is greatly improved.
Transit timing variations are conveniently studied in
terms of O−C, where O is the observed transit time
and C is the corresponding calculated transit time. We
calculated C with the linear ephemeris formula
TE = T0 + Porb × E (1)
where T0 is the reference transit time, Porb is the orbital
period, E is the transit epoch, and TE is the calculated
transit time at epoch E.
For research requiring accurate timing, it is impor-
tant to consider the clock accuracy and the time stan-
dard that are used because ambiguity between differ-
ent standards can produce spurious timing effects that
could be mistaken for TTVs or bias eccentricity mea-
surements (Eastman et al. 2010). The time stamps of
the data products produced by the TESS SPOC pipeline
are TESS Julian Dates (TESS JD = JD−2457000.0) in
the Barycentric Dynamical Time standard, BJDTDB
7,
which is usually the most accurate time standard to use
as it accounts for many different timing corrections, in-
cluding leap seconds (e.g., Eastman et al. 2010). This
7 https://archive.stsci.edu/files/live/sites/mast/files/home/
missions-and-data/active-missions/tess/ documents/
TESS Instrument Handbook v0.1.pdf
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Figure 1. TESS light curve of XO-6b in Sectors 19, 20 and 26. Top: Raw simple aperture photometry light curves, shifted
vertically for clarity. Bottom: Detrended Data Validation Timeseries (DVT).
is achieved with a series of time conversions outlined
as follows. Time stamps are first recorded by the 1 Hz
spacecraft clock aboard TESS. While the frequency of
this clock drifts due to thermal and aging effects, it is
correlated with Coordinated Universal Time (UTC) by
the Mission Operations Center at every contact, which
occurs approximately every three days. The Payload
Operations Center then converts the spacecraft clock
counts into TESS Julian Day before passing it to the
SPOC for a final conversion into BJDTDB
8. This final
conversion is implemented with the same algorithm that
8 https://archive.stsci.edu/files/live/sites/mast/files/home/
missions-and-data/active-missions/tess/ documents/
TESS Instrument Handbook v0.1.pdf
was used for Kepler, and works by using the Navigation
and Ancillary Interface (NAIF) SPICE kernel trajectory
file9 to calculate the projected distance to the solar sys-
tem barycenter and the resulting timing corrections for
each star in the TESS field of view (Jenkins, J., pri-
vate communication). By analysing contemporaneous
TESS and ground-based observations of several binary
star systems, von Essen et al. (2020) showed that the
TESS BJDTDB times are correct to an absolute preci-
sion of <6 seconds.
Figure 3 shows the O−C values we derived from the
TESS observations, along with the O−C values and
9 https://naif.jpl.nasa.gov/naif/index.html
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Figure 2. Phased folded light curve of XO-6b from TESS. The unbinnned and binned data are shown in blue and black,
respectively. The best-fitting model obtained from the EXOplanet MOdeling Package (EXOMOP) is shown as a solid red line. The
residuals (light curve - model) are shown below the light curve.
best fit light-time effect (LiTE) model from Garai et al.
(2020). To compare our transit times to this model, we
used the publicly available OCFit package10 (Gajdosˇ &
Parimucha 2019) to reproduce it using their fitted pa-
rameters shown in Table 3 in Appendix C. While this
model is a good fit to their reported TTVs, they did not
observe radial velocities consistent with the XO-6 star-
planet system having a stellar mass companion capable
of inducing these light-time effects. Therefore, they fa-
vor the interpretation that these TTVs are caused by
resonant perturbations between XO-6b and another un-
known low-mass planet in the system, although they
do not quantify the mass of their suggested perturbing
planet.
4. RESULTS AND DISCUSSION
Our analysis of the TESS data of XO-6b yielded
an updated orbital period and a transit epoch of
3.7649893±0.0000037 days and 2456652.7157±0.0022
BJDTDB , respectively.
Notably, we did not find any evidence of transit timing
variations in the case of XO-6b, despite the TESS data
having sufficient precision and time baseline to clearly
reveal the TTVs reported by Garai et al. (2020). Specif-
ically, the 3σ upper-limit on TTVs allowed by the TESS
10 https://github.com/pavolgaj/OCFit
observations is 2.5 minutes, while their LiTE model pre-
dicts TTVs of 12-14 minutes in Sectors 19 and 20 and
5-9 minutes in Sector 26. Therefore, the TESS data rule
out their LiTE model by 14-16σ in Sectors 19 and 20 and
6-11σ in Sector 26. While the cause of this discrepancy
is not clear, here we discuss some possible explanations.
The analysis of Garai et al. (2020) utilized 15 transits,
of which 8 were observed by the authors themselves with
telescopes at the Astronomical Institute of the Slovak
Academy of Sciences and 7 were adopted from the ETD
after having been observed by others. While the data
obtained from the ETD do not exhibit stronger TTVs
than their own observations (see Figure 8 in Appendix
D) and they only used data from the ETD that had
clearly indicated timing epochs (either JD or HJD) and
good quality, it is still possible these data points intro-
duced unaccounted for uncertainties that contributed to
the discrepancy. We used the astropy.time11 package
to calculate the barycentric correction for the data used
by Garai et al. (2020) and found that it ranges from
−5 to +5 minutes, with a mean value of +0.8 minutes
(see Figure 8 in Appendix D). Therefore, while a few
of the smaller TTVs they reported could be related to
11 https://docs.astropy.org/en/stable/time/
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Figure 3. a.) The observation minus calculation mid-transit time (O-C) diagram derived using the TESS data (black). b.)
The O-C diagram including data points from Garai et al. (2020) (red). The best-fit light-time effect (LiTE) model from Garai
et al. (2020) is shown as a red line.
barycentric corrections, the larger ones must have other
causes.
Garai et al. (2020) also utilized spectroscopic radial
velocity (RV) observations, which showed no evidence
of an additional body in the XO-6 system. Further-
more, simultaneous fits to their RV and O-C data did
not produce a consistent solution, potentially suggesting
spurious effects.
Crouzet et al. (2017) found no evidence of XO-6b ex-
hibiting TTVs, which Garai et al. (2020) attributed to
the Crouzet et al. (2017) observations covering a rela-
tively short time span, having non-optimal time sam-
pling, and/or higher uncertainties in their O-C values.
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However, the results of Crouzet et al. (2017) and Garai
et al. (2020) could also be reconciled if the findings of
Garai et al. (2020) were affected by unknown timing er-
rors.
The presence or absence of companion planets near a
hot Jupiter are indicative of how it formed (Steffen et al.
2012). The vast majority of transiting hot Jupiters are
the only transiting planet in their system (e.g., Huang
et al. 2016) so our interpretation that XO-6b does not
have a companion is consistent with this clear trend.
The trend could arise either because the systems do not
contain any other planets or because they contain plan-
ets on inclined orbits that do not transit.
Spalding & Batygin (2016) showed that hot stars like
XO-6 with Teff > 6200 K can exert torques on their
planets that increase their inclinations so that they do
not transit. This effect is stronger for closer-in plan-
ets, potentially resulting in a planetary system harbor-
ing only one transiting planet.
Batygin et al. (2016) argue that a substantial frac-
tion of the hot-Jupiter population formed in situ. They
showed that this process would lead frequently to hot-
Jupiters being accompanied by low-mass planets with
periods shorter than approximately 100 days. Further-
more, they found that that dynamical interactions early
in the systems’ lifetimes should increase the inclinations
of these companions, making them unlikely to transit.
While the presence of an additional non-transiting
planet in the XO-6 system would be consistent with the
interpretation of Garai et al. (2020), Nesvorny´ (2009)
showed that the TTV signal caused by inclined non-
transiting companions may be more pronounced than
that caused by co-planar companions. Therefore, if XO-
6b does have a non-coplanar, non-transiting companion,
it is reasonable to expect that it could be detected. Rig-
orous modelling could constrain the allowed parameter
space of a potential candidate while still being consis-
tent with XO-6b not showing any transit timing vari-
ations (e.g., Hrudkova´ et al. 2010), but that is beyond
the scope of the present study.
Alternatively, Mustill et al. (2015) show that if a hot
Jupiter reaches its current orbit by high-eccentricity mi-
gration, any inner low-mass planets will collide with
their host star or the migrating giant planet and be
destroyed. The initial high eccentricity required for
this process can be produced by planet-planet scatter-
ing, the Kozai effect or low-inclination secular interac-
tions. Once the giant planet’s pericenter has migrated
to within a few hundredths of an AU from its host star,
its orbit will be tidally circularized, resulting in a hot
Jupiter with a very low eccentricity, such as XO-6b.
Given the lack of evidence for an additional non-
transiting planet in the system, we consider it likely
that XO-6b migrated inwards to its current orbital dis-
tance. Future observational constraints on XO-6b’s
atmospheric C/O ratio, which would be indicative of
where a planet formed in a protoplanetary disk, could
confirm such a scenario (e.g., O¨berg et al. 2011; Cridland
et al. 2019).
5. CONCLUSION
We utilized publicly available TESS data to fur-
ther characterize the hot-Jupiter XO-6b. Our analysis
yielded an updated period of 3.7649893±0.0000037 days
and transit epoch of 2456652.7157±0.0022 BJDTDB .
Moreover, we found no evidence of the transit timing
variations reported by Garai et al. (2020), despite the
precision and time baseline of the TESS data being suffi-
cient to reveal them, highlighting the usefulness of TESS
follow-up observations of interesting targets found with
ground-based observations. The cause of the tension
between our results and those of Garai et al. (2020) is
not clear but it may be due to unknown timing errors
in their ground-based data. This underscores the im-
portance of careful absolute telescope clock calibrations
and considerations of timing standards (Eastman et al.
2010), which is not only necessary for TTV analysis,
but also for constraining ephemerides well enough to en-
able efficient scheduling of atmospheric characterization
observations on high-demand telescopes like the upcom-
ing James Webb Space Telescope and the 30-meter class
telescopes (Dragomir et al. 2020; Zellem et al. 2020).
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APPENDIX
A. DIFFERENCE IN MID-TRANSIT TIMES BETWEEN DIFFERENT DETRENDING MODELS
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Figure 4. Differences in derived mid-transit times relative to our detrended light curve produced from the target pixel files
(TPFs) for the data validation timeseries (DVT) (black) and the Presearch Data Conditioning (PDCSAP FLUX) (red).
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B. TRANSIT FITS TO INDIVIDUAL TESS TRANSIT EVENTS
Table 2. Individual TESS transit parameters for XO-6b derived using EXOMOP
Sector 19
Transit 1 2 3
Tc (BJDTDB-2458810) 7.58383±0.00036 11.34978±0.00033 15.11450±0.00030
Rp/R∗ 0.1141±0.0011 0.1148±0.0011 0.1130±0.0010
a/R∗ 8.73±0.36 8.49±0.33 8.91±0.27
Inclination (◦) 85.62±0.39 85.25±0.37 85.83±0.32
Duration (days) 174.02±3.05 174.02±2.88 174.02±2.83
Transit 4 5 6
Tc (BJDTDB-2458810) 22.64457±0.00035 26.40970±0.00032 30.17558±0.00033
Rp/R∗ 0.1158±0.0011 0.1159±0.0014 0.1133±0.0012
a/R∗ 8.38±0.29 8.64±0.37 8.62±0.34
Inclination (◦) 85.21±0.34 85.44±0.43 85.55±0.41
Duration (days) 177.89±2.83 174.02±2.87 175.96±2.90
Sector 20
Transit 1 2 3
Tc (BJDTDB-2458810) 33.93981±0.00035 37.70342±0.00030 41.46958±0.00032
Rp/R∗ 0.1154±0.0012 0.11425±0.00088 0.11550±0.00082
a/R∗ 7.95±0.27 8.59±0.249 8.13±
Inclination (◦) 84.75±0.35 85.51±0.27 84.96±0.24
Duration (days) 183.87±2.86 175.96±2.86 181.93±2.83
Transit 4 5 6
Tc (BJDTDB-2458810) 48.99898±0.00034 52.76416±0.00037 56.52958±0.00036
Rp/R∗ 0.1143±0.0012 0.11789±0.000 99 0.1153±0.0011
a/R∗ 8.55±0.36 7.58±0.23 8.09±0.28
Inclination (◦) 85.44±0.40 84.23±0.30 84.91±0.35
Duration (days) 176.13±2.85 184.04±2.87 180.00±2.85
Sector 26
Transit 1 2 3
Tc (BJDTDB-2458810) 203.36387±0.00036 207.12818±0.00033 210.89514±0.00038
Rp/R∗ 0.1142±0.0015 0.1149±0.0012 0.1149±0.0012
a/R∗ 8.55±0.43 8.52±0.33 8.29±0.35
Inclination (◦) 85.50±0.52 85.41±0.40 85.10±0.41
Duration (days) 178.07±2.88 177.89±2.85 178.07±2.92
Transit 4 5 6
Tc (BJDTDB-2458810) 214.65863±0.00035 218.42407±0.00036 222.18914±0.00036
Rp/R∗ 0.1169±0.0011 0.1135±0.0010 0.11576±0.00097
a/R∗ 8.47±0.26 8.66±0.26 8.13±0.21
Inclination (◦) 85.30±0.31 85.57±0.30 84.92±0.25
Duration (days) 175.96±2.86 174.02±2.91 180.00±2.88
Note—The linear and quadratic limb darkening coefficient used in the analysis are 0.3158 and 0.2206 (Claret 2017)
TESS Observations of the Hot Jupiter Exoplanet XO-6b 11
7.0 7.5 8.0
0.975
0.980
0.985
0.990
0.995
1.000
TESS Sector 19: Transit 1
Time (BJD −2458810)
R
e l
a t
i v
e  
F l
u x
10.5 11.0 11.5 12.0
0.975
0.980
0.985
0.990
0.995
1.000
TESS Sector 19: Transit 2
Time (BJD −2458810)
R
e l
a t
i v
e  
F l
u x
14.5 15.0 15.5 16.0
0.975
0.980
0.985
0.990
0.995
1.000
TESS Sector 19: Transit 3
Time (BJD −2458810)
R
e l
a t
i v
e  
F l
u x
22.0 22.5 23.0 23.5
0.975
0.980
0.985
0.990
0.995
1.000
TESS Sector 19: Transit 4
Time (BJD −2458810)
R
e l
a t
i v
e  
F l
u x
25.5 26.0 26.5 27.0
0.975
0.980
0.985
0.990
0.995
1.000
TESS Sector 19: Transit 5
Time (BJD −2458810)
R
e l
a t
i v
e  
F l
u x
29.5 30.0 30.5
0.975
0.980
0.985
0.990
0.995
1.000
TESS Sector 19: Transit 6
Time (BJD −2458810)
R
e l
a t
i v
e  
F l
u x
Figure 5. Individual TESS transit events from Sector 19 of XO-6b. The best-fitting model obtained from the EXOplanet
MOdeling Package (EXOMOP) is shown as a solid red line. The residuals (light curve - model) are shown below the light curve.
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Figure 6. Individual TESS transit events from Sector 20 of XO-6b. The best-fitting model obtained from the EXOplanet
MOdeling Package (EXOMOP) is shown as a solid red line. The residuals (light curve - model) are shown below the light curve.
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Figure 7. Individual TESS transit events from Sector 26 of XO-6b. The best-fitting model obtained from the EXOplanet
MOdeling Package (EXOMOP) is shown as a solid red line. The residuals (light curve - model) are shown below the light curve.
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C. PARAMETERS DESCRIBING THE LIGHT-TIME EFFECT (LITE) MODEL OF GARAI ET AL. (2020)
Table 3. Parameters describing the light-time effect (LiTE) model of Garai et al. (2020) that gave the best fit to their reported
transit timing variations.
Parameter units value
Porb3 days 456
a sin(i3) 2.03
e3 0.85
T (0)3 BJD 2458184
ω3
◦ 53
K3 mins 14.6
f(M3) M 5.3
Where all parameters refer to the third body.
Porb3 is the orbital period,
a is the semi-major axis,
i3 the inclination,
e3 is the eccentricity,
T (0)3 is the pericenter passage time,
ω3 is the pericenter longitude,
K3 is the semi-amplitude,
f(M3) is the mass function, (a sin(i3))
3/P 2orb3.
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D. O-C VALUES FROM GARAI ET AL. (2020) AND BARYCENTRIC CORRECTIONS AT CORRESPONDING
TRANSIT EPOCHS
Figure 8. The TTVs reported by Garai et al. (2020) from their own observations (blue circles) and observations in the ETD
(red squares). Additionally, the black triangles show the barycentric correction required at each transit epoch.
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